INTRODUCTION 1. UVOD
According to the European Federation of the Parquet Industry (FEP), 80.4 million m 2 of parquets were produced in Europe in 2016. 80 % of parquet production included multi-layered materials (excluding laminate fl oor panels) (FEP, 2018a). Poland maintains top position among producers (20.08 %), followed by Sweden (16.99 %), Austria (14.02 %), and Germany (11.97 %) . It should be noted that, according to FEP, wood fl ooring element can only be called "parquet" if its top layer is made of a solid wood with a minimum thickness of 2.5 mm (FEP, 2018b). Multi-layered structure increases the shape stability of fl ooring products and reduces the dimensional changes in relation to solid wood elements by up to 75 % (KEN'S YARD, 2018). Current trends in the development of the wood fl ooring industry include (Kozera, 2016) : (1) optimisation of wood consumption (especially of high quality timber); (2) improvement in the quality of surface processing and joints; (3) development of easy, fast and permanent assembly technology of fl oor elements; (4) rich colouring and varied surface structure possibilities; (5) high durability and resistance of timber fl oor boards; (6) renovation possibilities.
In multi-layered fl oor materials, the support layer can be made of solid wood boards or peripherally cut veneers. In both cases, these raw materials are loaded with structural defects that decrease their strength parameters (Kretschmann, 2010) . These defects can be eliminated or limited at the production stage. If veneers are used as load-bearing layers, the knots, especially loosed, are substantial defects. Their diameter can range from a few millimetres to several dozen. The negative infl uence of knots is manifested in the lowering of the tensile, bending and compression strength along the fibres and the modulus of elasticity (Phillips et al., 1981) . This infl uence is caused, among other things, by the discontinuity of stresses due to the different orientation of wood fi bres. In laboratory tests, knots can be treated the same as holes (Bano, 2009, Guindos and Guaita, 2013) . In a multi-layered composite, negative infl uence of knots or holes on strength parameters is smaller than in solid wood. This is related to their presence only in one layer of material. These spots are a potential source for the propagation of cracks during loading. The fi lling of knotholes requires additional technological steps in the manufacturing process of composite timber fl oor boards. Some layered materials (e.g. fl oor boards), tend to be less exposed to typical bending loads. In this case, the hardness of the material plays a greater role. Numerous studies presented in the literature indicate that hardness of wood and wood-based materials is affected by its density and moisture content (Kollman and Cote, 1968 , Holmberg, 2000 , Han et al., 2007 , Raymond, 2008 , Franek et al., 2009 ). The Brinell method (Schwab, 1990) gives the most reliable results of measuring surface hardness. It allows to determine the real variability of surface hardness in particular anatomical directions and differences in hardness on the width of growth rings, which is confi rmed by the studies of Hirata et al. (2001) . However, Doyle and Walker (1984) draw attention to the inaccuracy of measurement in the Brinell method resulting from the relaxation of the steel ball impression. Hardness of the layered system is infl uenced both by the outer (surface) layer and its support (load-bearing layers). There is very few information in literature related to the effect of support layers on the hardness of the surface layer in composites. However, it is to be expected that possible free spaces located under the surface layer may affect the reduction in its hardness. This phenomenon will depend both: on the free spaces area (holes) and its position in relation to the surface layer.
The aim of this work was to determine the effect of knotholes located in the load-bearing layers of a fi ve-layer wood composite on its strength parameters and the Brinell hardness of the surface layer.
MATERIALS AND METHODS

MATERIJALI I METODE
The research was carried out using fi ve-layer timber fl oor boards with a nominal thickness of 15 mm. The surface layer of the composite was sawn material -oak boards (Quercus robur L.). Four other layers (load-bearing layers) were made of circumferentially cut pine veneer (Pinus sylvestris L.). The individual layers were arranged to each other in a cross-shaped manner, providing an angle of 90 degrees between the fi bres of the next layer. Oak boards had a nominal thickness of 3 mm and a moisture content of approx. 5 %. Two variants of surface layer material were used during testing, different in terms of the anatomical cross-section of wood on the wide surface of planks: radial and tangential. Pine veneers had a nominal thickness of 3.2 mm and a moisture content of approx. 5 %. The thickness of the veneer resulted from the desire to limit the number of the load-bearing layers and thus the number of glue lines, while maintaining the fi nal thickness of the entire fl oor panel. 3 mm thick veneer is used industrially for the production of LVL or plywood. Materials for all layers of fl oor boards were produced under industrial conditions with the preservation of standard technological conditions. An adhesive based on an industrial urea-formaldehyde resin (UF) was applied to consecutive layers. An industrial hardener was added to the resin in the amount of 5 % by weight, enabling the composite pressing process to be carried out within 120 s at 120 °C. The composites were produced with the use of laboratory hydraulic press at a unit pressure of 1.5 MPa.
The effect of knotholes of various diameters located in selected layers of the composite on its hardness was determined.
The following tests were carried out: -hardness of the composite according to EN 1534:2011 Wooden fl oor -Determination of resistance to indentation (Brinell method) -Test method; -density profi le to determine density distribution in individual layers of the composite.
Brinell hardness test 2.1. Tvrdoća prema Brinellu
For the testing, samples with dimensions of 330 mm × 150 mm (length × width) and a thickness resulting from the combination of a surface layer (3.0 mm) and four veneers (load-bearing layers -4 x 3.2 mm) were used ( Figure 1 ). All layers were glued together with the direction of the grain in adjacent layers at right angles. The grain of the surface layer was parallel to the long edge of the panel. In the supporting layers (second and third, respectively), round gaps were prepared with diameters of: 10 mm, 20 mm and 50 mm (at one panel two gaps of each diameter) simulating knotholes. Location of gaps resulted from guidelines of the standard EN 1534:2011, which defi nes minimum distances between hardness measurement points. Control (reference) samples without round gaps were also prepared and tested.
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Brinell hardness test was carried out with the use of CV-3000LDB equipment (CV Instruments, Bowers Group) in accordance with EN 1534:2011 standard. During testing a predetermined load of 1000 N was applied to a carbide ball of 10 mm diameter. It was held for a 20 second period and then removed. The resulting impression was measured with a microscope across two diameters (at right angles to each other) and these results were averaged. For each variant of samples and each grain layout of the surface layer (radial and tangential), 12 impressions were made.
Density profi le determination 2.2. Određivanje profi la gustoće
The study was conducted with the use of DAX GreCon Density Analyzer. Density distribution was determined on samples with dimensions: 50 mm × 50 mm × 15 mm. The distance between adjacent measurement points was 0.02 mm, and the measurement speed was 0.05 mm/s.
Numerical analysis 2.3. Računska analiza
To confi rm possible dependencies, a numerical analysis was performed in SolidWorks Simulation environment. A model referring to the Brinell hardness test according to EN 1534: 2011 was created. The tested material was fi ve layered composite timber fl oor board with oak surface layer (3 mm thick) and 4 other layers made of pine wood (4 mm × 3.2 mm thick). The material properties used for FE-model are summarised in Table 1 . The anisotropy of wood-based material was modelled using orthotropic properties. A static model with linear elastic material properties was used to study the stress distribution. The elastic constants adopted in the FEM analysis were taken from previous experimental work on small clear specimens of pine wood (Burawska, 2016) . Material parameters for oak wood were selected on the basis of reports from literature (Kollmann and Cote, 1968; Krzysik, 1975) .
The individual layers of the composite were arranged to each other in a cross-shaped manner and a "bonded" contact between them was established. Then, the composite was subjected to a load of 1000 N, applied on the surface of a circle with a diameter of 10 mm. Then, in load-bearing layers (second or third), round gaps with diameters of 10 mm, 20 mm, 30 mm, 40 mm and 50 mm were made successively. The axes of round gaps were in the axis of the applied load. A solid standard mesh with a global size of approximately 1mm was used, compacted in the vicinity of gaps and applied force. The total number of elements in each analysed computing case was about 3,900,000, and the number of nodes about 605,000, respectively. The default failure criterion was related to the compressive strength across fi bres of the fi ve-layer composite overrun (6 N/mm 2 ).
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
Hardness of composite timber fl oor boards is an important utility feature, strictly dependent on its density (Hirata et al., 2001) , and in particular on the density of the surface layer. Tested layered materials were characterised by an average density of 618 kg/m 3 ; however, they differed in their thickness ( Figure 2 ).
Surface layer of the composite made of oak boards (Quercus robur L.) had an average density of around 680 kg/m 3 . The load-bearing layers made of pine veneer (Pinus sylvestris L.) were characterised by a density in the range of 411 -778 kg/m 3 , while welds reached a density above 1000 kg/m 3 . During the gluing process, partial compression of pine wood occurred, evident in higher density of layers 1 and 5 (compared to layer 3). Additionally, adhesive penetrated the voids and irregularities in the surface area of individual veneers and hardened, which also infl uenced the material density in a weld zone (Lou et al., 2015) .
The results of the Brinell hardness of the surface layer obtained during tests are presented in Table 2 .
Multi-layered composites without any round gaps in their structure were characterised by an average Brinell hardness of the surface layer of 45.9 N/mm 2 .
Similar hardness results were reported regarding fl ooring materials made of cork oak (Quercus suber L.) -around 56 N/mm 2 .....Borysiuk, Auriga, Kowaluk, Kozakiewicz, Zbiec1 : Infl uence of... turn, stated that softwood materials usually have much lower Brinell hardness values (in the range of 13-25 N/ mm 2 ). With respect to conducted tests, it can be generally stated that unfi lled round gaps located in the composite load-bearing layers (second or third, respectively), depending on their location and diameter, signifi cantly affect its hardness.
The arrangement of round gaps simulating knots with diameters of 20 and 50 mm in layer 2 caused defl ection of the surface layer as well as cracks ( Figure  3 ). That is why the obtained results could be inconclusive. In the case of 10 mm diameter round gaps, a statistically signifi cant decrease in the hardness of the composite was noted, reaching over 50 % of the initial hardness (without a gap in the supporting layer).
A variance analysis showed a signifi cant effect of the layer containing round gaps (Table 3 ). Round gaps located in layer 3 of the composite (variant II) did not signifi cantly change its hardness with respect to control (Table 4 ). It is worth noting that virtually in all tested variants (both with unfi lled gaps in layer 3 and control), similar values of variability coeffi cients were recorded.
Despite the lack of a statistically signifi cant decrease in Brinell hardness values for all tested cases of variant II (in relation to control), attention should be paid to the high local elasticity of wood composites, especially when round gaps of 50 mm diameter were placed in layer 3. In this case, during hardness test, a visible defl ection of the composite surface layer occurred as a result of lack of the support (free space). However, noticeable defl ection of material did not cause visible damage (cracks) on the surface of the oak planks, but it could lead to the formation of hard-to-detect microcracks, which ultimately weakened the examined cross-section. The defl ection of surface layer during the test could also have infl uenced the superfi cial gain in hardness value, especially in case of tangential anatomical cross-section of surface layer. As a result of the materials defl ection, ball indicator could give impression of a smaller diameter on its oak surface layer. All obtained hardness vales exceeded 10 N/mm 2 , which is the mini- (Table 5 ). Based on presented data ( Table 2 and 5), it could be noticed that all tested multi-layered composites can be used in all domestic applications. In case when gaps are located in layer 3, tested composites can also be used in commercial applications with moderate traffi c.
Tests showed that there is no infl uence of an anatomical cross-section of surface layer (radial, tangential) on Brinell hardness, which was also confi rmed by statistical variance analysis (Tables 3 and 4 ). This is also consistent with the literature (e.g. Kretschmann, 2010) . Table 6 presents the results of the numerical analysis carried out for individual variants of wood composites. Minimum and maximum values of stresses were read in the vicinity of the applied force and round gap simulating the knot. Figures 4, 5 and 6 show maps of normal stresses occurred in case of 1000 N loading (σ x , σ y and σ z ).
The control variant (without gaps) was characterised by the smallest values of normal stresses in all di- .....Borysiuk, Burawska-Kupniewska, Auriga, Kowaluk, Kozakiewicz, Zbiec1: Infl uence of... rections (σ x , σ y and σ z ) in relation to composites with material defects in their layout. With the increase in the diameter of round gaps simulating defect (both in layer 2 and 3), the values of defl ections increase, as well as individual stress components in most cases. Round gaps located in layer 3 of the composite (variant II) affect the values of stresses in respective layers to a very limited extent. It should be noted that there is no impact of gaps of any diameter located in layer 3 on stress values σ y (in the load plane). In the case of gaps located in layer 2, the impact of the hole, even with a diameter of 10 mm, is manifested by a signifi cant increase in all stress components as well as defl ection, resulting from the lack of direct material support within the defect.
CONCLUSIONS 4. ZAKLJUČAK
It is possible to use veneers with defects (unfi lled gaps) with a diameter of up to 20 mm as an internal layer (3rd or subsequent, counting from the surface layer) of multi-layered composite.
The Brinell hardness, determined on the longitudinal sections of oak wood as surface layer of layered composite, is around 45.2 N/mm 2 . When using veneer with defect (round unfi lled gap of diameter up to 20 mm) as a layer 3 or subsequent, hardness values of surface layer are in the range of 36.0 -43.3 N/mm 2 .
The anatomical cross-section of the surface layer (radial, tangential) does not affect the hardness values of multi-layered composite. 
